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1. Composition of Nutrient Solutions for Sand and Water Cultures. 
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'山形' の 1 個重が 0.7~1. 0gの球 (SS球)， 1.l~1. 5 g 
の球 (S球)， 1.6~2.0 gの球 (M球)及び2.1へふOgの
球 (L球)を種球とした.1978年10月17日から12月16日
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まで種球を 0 ~ 1 "Cで貯蔵 し， 12月16日に川砂を培土と
して外寸 55(L) x20(W) x17(H )cmの合成樹脂製プラ












の液肥を 1プランタ ーに1lずつ与え，以後原則と して
培土の表面が乾けば液肥を潅水代わりに 1lずつ与えた.













Table 1. Composition of liquid fertilizers tested in the experiment 1. 
Liquid Concentration (mM) 
Source 
fertilizerZ NH4 NOa H2P04 K 
No fertilizer 
N 4Y 2 2 NH4NOa 
N8 4 4 NH4NOa 
N 16 8 8 NH4N03 
N32 16 16 NH4NOa 
NOa16
Y 16 Ca(N03h • 4 H20 
NOa32Y 32 Ca(NOa)2・4H20
NH416Y 16 (NH4)2S04 
NH432Y 32 (NH4)2S04 
P2 2 Ca(H2P04)2・H20
P8 8 Ca(H2P04)2・H20
K 12 12 K2S04 
K24 24 K2S04 
PK2・12 2 12 KH2P04， K2S04 
PK8・24 8 24 KH2P04， K2S04 
NP 16・2 8 8 2 NH4N03， Ca(NOa)2・4H20，NH4H2P04 
NP32・8 16 16 8 NH.N03， Ca(NOa)2・4H20，NH4H2PO. 
NK16・12 8 8 12 NH.NOa， K2SO. 
NK32・24 16 16 24 NH4N03， K2S04 
NPK16・2・12 8 8 2 12 NH4N03， NH4H2PO.， KN03， K2S04 
NPK32・8・24 16 16 8 24 NH4N03， NH4H2P04， KN03， K2SO. 
• : Liquid fertilizers were prepared using reagents of first grade and the city water. 
Y : ln those treatments， seed-bulbs of 0.7-1.0 g， 1.1-1.5 g and 2.1-3.0 g in weight were used， and 









用いて次式で算出した5) ; t値 (f，0.05) x、/守n.
実験2 砂耕こンこクの球重に及lますN，P， K， Ca， 
Mg， Sの各濃度の影響(1)
'ほ うき'の 1 個重が1.0~1. 5gの球(S球)， l.6~2.0 g 



















Table 2. Cornposition of nutrient solutions tested in the experirnent 2. 




































































































































































































































Nutrient solutions were prepared using reagents of first grade and the city water. All nutrient 
solutions had the following cornposition of rnicronutrients. 50 pM Fe-EDTA， 50μM H3B03， 10 
μM MnSO.， 1μM ZnSO.， 1μM CuSO.， 0.5μM Na2MoO.， 0.2μM CoSO.・Thequantity of SO‘ 
contained in those rnicronutrient salts totals 62.7μM. The city water contained 125μM SO.・
Accordingly， the true concentrations of SO. of the nutrient solutions were estirnated to be 
about 0.2 rnM higher than the values of the above table. The city water also contained about 
0.3 rnM Ca and about 0.2 rnM Mg. 
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年度に行なった分析結果は以下のとうりである 10). N 
ほとんど 0，P : 0.003 mM， K : 0.27 mM， Ca : 0.294 mM， 
Mg : 0.166 mM， SO.: 0.125 mM. なお，本実験では微
量要素の組成 ・濃度を LongAshtonの処方1)と同じに
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Composition of nutrient solutions tested in the experiment 3. Table 3. 
Ratio 
NH.: N03 





































1 : 2.2 
1 : 1.7 
1.7 : 1 

































P 8 (High-NH，) 
P.8(Low-S) 
1.5:1 
1 : 1.5 























1.7 : 1 
1 : 1.7 
1 : 3 
1 : 1.9 







































Ca 4 (High-N03) 
Ca4(Low-K) 
Ca4(Low-Mg) 
1.5 : 1 



























1 : 3.6 
1 : 2.2 
1 : 2.2 
2.2: 1 
7 : 1 



















































































聞は 6 月 16 日 ~7 月 11 日であった.球重データの統計処



























実験3 砂耕ニンニクの球重に及ぽすN，P， K， Ca， 
Mg， Sの各濃度の影響 (II)
'ほうき'の 1 個重が1.0~2.0 gの球(S球)， 2.1~3.0 g 

































































The footnotes of the table 2 are applied to the present table. 
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Table 5. Composition of nutrient solutions tested in the experiment 5 (water 
culture) 







































































The footnotes of table 2 are applied to the present table， except that micronutrient concentra-
tions of the nutrient solutions in the experiment 5 were 0.5 times those in the experiment 2. 
Table 6. Effect of N supply on bulb weight of 






Bulb weight (g) 
95% Confidence 
limits' 
←wsaner's po・t of" 
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Fig. 1. Apparatus of water culture in the exper-
iment 5. 
According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-
tween the treatments ; the lots of seed-bulbs of 
1.6-2.0 g in weight were not used. 
• The confidence intervals were calculated using 
the following equation: t-value(f， 0.05) x 、々 /n;
f : a degree of freedom for error， V : an error vari. 








施用Nの形態 Nを Ca(NOa )2 あるいは (NH.)2S0•，
NH4NOgのどの肥料で与えてもこれらの区の球重には互
いに有意差がみられなかった(第7表).すなわち， Nを








N単独施肥 本実験では液肥を 1~2 月期には約 3 週
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Table 7. Effect of nitrate and ammonium N sup. 
plies on bulb weight of garlic grown 
in sand culture(experiment 1). 
Bulb weight (g) 
95% Confidence 
limits 
Treatment Mean Lower Upper 
N 16 4.04 3.56 4.52 
N32 3.44 2.96 3.91 
NOs16 3.61 3.13 4.09 
N0332 3.18 2.71 3.66 
NH，16 3.65 3.17 4.13 
NH，32 3.69 3.21 4.17 
According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 
between the treatments ; the lots of seed-bulbs 
of 1.6-2.0 g in weight were not used. 
Table 8. Effect of P and K supplies on bulb 



























Treatment Mean Lower Upper 
N 0 fertili zer 2.76 2.38 3.14 
P2 3.00 2.62 3.38 
P8 3.12 2.74 3.50 
K 12 2.87 2.49 3.25 
K24 3.11 2.73 3.49 
PK2・12 3.27 2.89 3.65 
PK8・24 2.99 2.61 3.37 
According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 
between the treatments. 
N施肥条件下での P，K 施月~ NとP，あるいはNと
Kを混用施肥しても球重はNを単独施肥した場合に比較






Table 9. Effect of supply of three major elements 
on bulb weight of garlic grown in sand 
culture (experiment 1). 
Bulb weight (g) 
95% Confidence 
limits 
Treatment Mean Lower Upper 
N 16 4.09 3.62 4.56 
N 32 3.50 3.03 3.97 
NP16・2 4.18 3.71 4.65 
NP32・8 4.03 3.56 4.9 
NK16・12 4.46 3.9 4.93 
NK32・24 4.10 3.63 4.57 
NPK16・2・12 5.00 4.53 5.47 
NPK32・8・24 5.32 4.86 5.79 
According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-
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Fig. 2. Effectes of N， P， K and S concentrations 
in nutrient solutions on bulb weight of 
garlic grown in sand cultl1re (experiment 
2). 
Table 10. Effect of N concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand cultl1re (experiment 2) 
Treatment Mean 
Control 1 (N 8) 10.41 
Control 2(N 8) 9.78 
Control 3(N 8) 9.92 
N4 8.00 
N 16 8.33 
N24 7.00 
N32 6.28 
N 40 5.69 












According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-





Table 11. Effect of P concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand cultl1re (experiment 2). 
Treatment M巴an
Control 1 (P 2) 10.41 
Control 2 (P 2) 9.78 
Control 3 (P 2) 9.92 




P 12 8.42 
P 16 9.75 













According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-
tween the treatments. 
Table 12. Effect of K concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 2). 
Treatment Mean 
Control 1 (K 2) 10.41 
Control 2(K 2). 9.78 






K 12 9.43 













According to the analysis of variance， there was 
signifcant differenceat 1 % probability level be-
tween the treatments. 




りが~ 0.3mM高いと推定されるので(第 2 表問l注)， OmM
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Table 13. Effect of Ca concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 2). 
Treatment 
Control 1 (Ca 1 ) 
Control 2 (Ca 1 ) 



























According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 









Table 14. Effect of Mg concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 2) 
Treatment 
Control 1 (Mg 0.5) 
Control 2(Mg 0.5) 





















According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-










Table 15. Effect of S concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 2). 
Treatment 
Control 1 (S 1.5) 
Control 2 (S 1.5) 



























According to the analysis of variance， there was 
signifcant difference at 1 % probability level be・












合わせて 8mM， H2PO. : 2~4 mM， K : 2~4 mM， Ca : 
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Fig. 3. Effects of N， P， K， Ca， Mg and S concentrations in nutrient solutions on plant length 
and nurnber of leaves of garlic grown in sand culture (experirnent 2). Observed on 
Jan. 26. Solid lines : plant length. Dotted lines: nurnber of leaves. 




























N濃度 8 (対照)，12， 16 rnM区の球重には互いに差
がほとんどみられなかったが(第16表)， 4rnM区の球重
Table 16. Effect of N concetration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experirnent 3). 
Bulb weight (g) 
95% Confidence 
lirnits 
Treatrnent Mean Lower Upper 
Control 1 (N 8) 10.23 9.38 11.08 
Control 2(N 8) 10.91 10.06 11.76 
Control 3(N 8) 10.96 10.11 11.81 
N4 8.19 7.35 9.04 
N 12 10.44 9.59 11.28 
N 16 10.69 9.84 11.54 
According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-




P濃度 2， 4 (対照)， 6mM区の球重の聞には有意差
が認められなかったが(第17表)， 1mM区の球震は対照
区のものより劣る傾向がみられ， 8 mM (High-NH.)区
の球重は対照区のものより有意に劣った.しかし， 8mM
(Low-S)区の球重は対照区のものと有意差がなかった.
Table 17. Effect of P concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3). 
Treatment Mean 
Control 1 (P 4) 10.23 
Control 2 (P 4) 10.91 




P 8 (H-NH.) 8.60 
P 8 (L-S) 9.88 












According to the analysis of variance， there was 
signifcant difference at 1 % probability level be-
tween the treatments. 
K濃度 実施したすべての区，すなわち1.5，3， 4.5， 6 
mM区の聞で球重に有意差が認められなかった(第18表)
Table 18. Effect of K concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3) 
Treatment Mean 
Control 1 (K 3) 10.23 
Control 2 (K 3) 10.91 
Control 3 (K 3) 10.96 
K 1.5 9.81 
K4.5 11.54 
K6 10.80 










According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 
between the treatmei1ts. 
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Ca濃度実施したすべての区，すなわち 1，2，3mM
区及び 4mM (High-NOa)区， 4mM(Low-K)区， 4mM
(Low-Mg)区の聞で球重に有意差が認められなかった
(第19表).
Table 19. Effect of Ca concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3). 
Bulb weight (g) 
Treatment Mean 
Control 1 (Ca 2) 10.23 
Control 2 ( Ca 2) 10.91 
Control 3 (Ca 2) 10.96 
Ca1 11.02 
Ca3 10.64 
Ca4 (H-NOa) 11.56 
Ca4 (L-K) 11.75 












According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 
between the treatments. 
Mg濃度 実施したすべての区，すなわち 0.75，1.5， 
2.25， 3mM区の聞で球重に有意差が認められなかった
(第20表).
Table 20. Effect of Mg concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3). 

















Accoding to the analysis of variance， there Was 
no signifcant difference at 5 % probability level 
between the treatments. 
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Table 21. E仔ectof S concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3). 
Treatment Mean 
Control 1 (S 3) 10.23 
Control 2 (S 3) 10.91 
Control 3 (S 3) 10.96 
S 0.75 (H-NOa) 11.10 
S 0.75 (H-P) 11.29 
S 1.5 11.20 
S 4.5 9.70 
S6 (H-NH4) 8.76 












According to the analysis of variance， there was 
signifcant di釘erenceat 1 % probability level be-
tween the treatments. 
Table 22. Effect of S concentration in nutrient 
solutions on bulb weight of garlic 
grown in sand culture (experiment 3). 
Treatment Mean 
Control 1 (S 3) 9.56 
ControI2(S3) 9.10 
Control 3 (S 3) 10，14 
S 6 (L-P) 8.69 








According to the analysis of variance， there was 
no signifcant difference at 5 % probability level 
between the treatments. Since the data of the 
S 6 (L-P)-treatment of seed-bulbs of 3.1-4.0 g in 
weight were missed. the data of seed-bulbs of 
1.0-2.0 g and 2.1-3.0 g in weight were analyzed. 
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1， 3区のものより有意に劣 り，またL球の 0.75mM
(High-NOa)区の球重が対照 1区のものより有意に優っ
ていた.以上のことから球重増加に好適なSの濃度範囲




Table 23. E仔ectof concentrations of al macro-
nutrients in nutrient solutions on bulb 
weight of garlic grown in sand cul-
ture (experiment 3). 
Treatment Mean 





x 1.5 1.17 
x2 11.41 










According to the analysis of variance. there was 
signifcant difference at 1 % probability level be・









8~16 mM (ただし NH4の割合が3/4以下であること)，
H2P04: 2 ~ 6 mM， K : 1. 5~ 6 mM， Ca: 1 ~ 4 mM， 
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Fig. 4. E任ectsof N， P， K， Ca， Mg and S concentrations in nutrient solutions on plant length 
of garlic grown in sand culture (experiment 3). Solid Iines: observed on Jun. 12. 





類の培養液処方2)の要素濃度の平均値 (N: 9.4mM， P : 



























Table 24. Effect of N sources in nutrient solu・
tions on bulb weight of garlic grown 




N source Mean Lower Upper 
NH.NOa 10.67 9.59 11.76 
NaNOa 9.91 8.83 11.00 
Ca(N03)2 9.09 8.01 10.18 
NH.C1 7.85 6.77 8.93 
(NH')2S0• 9.84 8.76 1.093 
According to the analysis of variance， there was 
signifcant di妊erenceat5 % probability level be-


































態を調査したところ， 0 ム 1 3， 2 2， 3 1， 
2 : 2 (NaCl)区の聞には有意な生育差はみられなかっ
たが，全量 NH.の4 0区は他の区より草丈，抽出本業
数とも有意に劣った(第25表).
収穫時の根乾燥重は2: 2 (NaCl)， 2 : 2， 0 : 4， 
1 3区が比較的大きし 3 区の根乾燥重はこれら
の区のものより有意に劣った.さらに4 0区のそれは
著しく劣った.
球重球重は 2: 2， 2: 2 (NaCl)区がもっとも大
きし次いで0:4区で， 1 3， 3 1区では2: 2， 




Naと Clを上記と同量添加した 2:2 (NaCl)区の生
育 ・球重は2 2区と差がなかった.したがって，全量
Table 25. Effect of a ratio of NH. to NOa in nutrient solutions on growth of gar-
lic grown in water culture (experiment 5). 
Plant le時 thz(cm) No. of leaves' Dry weight of rootsY (g) 
Nutrient 9li5m%it Cnademe 95% Cn自dence 9li5m%it cddenee 
solution HS limits HS 
NH4: NOa Mean Lower Upper Mean Lower Upper Mean Lower Upper 。4. 26.03 24.71 27.34 7.26 7.04 7.48 0.381 0.322 0.439 
1 3 26.71 25.39 28.03 7.05 6.83 7.27 0.311 0.246 0.377 
2 2 26.25 24.72 27.78 7.00 6.74 7.26 0.387 0.329 0.446 
3 1 28.11 26.76 29.46 7.11 6.89 7.34 0.154 0.079 0.230 
4 。 17.05 15.80 18.30 5.71 5.51 5.92 0.044 (0.0ω)x (0.079)x 
2 2 (NaCl) 28.66 27.22 30.09 7.25 7.01 7.49 0.446 0.388 0.505 
According to the analyses of variance for plant length and number of leaves and dry weight 
of roots， there were signifcant differences at 1 % probability level between the nutrient solu-
ιtions ; the data of dry weight of roots Were analyzed exciusive of the data of the 4 : O-solution. 
z Observed on Mar. 20. Numbers of plants per treatment were 14-21. 
Y Observed on the harvesting times. Numbers of plants per treatment were 9-15. 
x This confidence interval was calculated using the formula concerning an interval estimation 
of means. 
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Table 26. Effect of a ratio of NH. to N03 in 
nutrient solutions on bulb weight of 
garlic grown in water cu1ture (experi-
ment 5). 
Bulb weight (g) 
Nutrient 95% Confidence 
solution limits No. of 
NH.: N03 Mean Lower Upper plants 。4 12.87 1.35 14.39 17 
1 3 10.59 8.85 12.32 13 
2 2 15.97 14.16 17.77 12 
3 l 9.58 7.49 11.66 9 
4 。 1.80 (1.53)Z (2.07)" 13 
2 2 (NaCI) 15.21 13.47 16.94 13 
According to the analysis of variance exclusive 
of the data of the 4 : O-solution， there was sig-
nificant difference at 1 % probability level be-
tween the nutrient solutions. 
Z 5ee the footnote x of the table 25. 









ど変化しなかったが，他の区は 1 3区を除いて pHが
かな り変化した. 2: 2 (NaCl)区は pHが震 も酸性側
Table 27. Changes of pH in the water culture 
solutions (experiment 5). 
Nutrient New After cu1tured 
solution solution for 11 daysZ 
NH.: N03 。4 6.59 7.71:tO.14 
1 3 6.59 6.19:tO.24 
2 2 6.54 4.81:t 0.58 
3 1 6.58 4.65:tO.96 
4 。 6.59 6.54:tO.25 
2 2 (NaCI) 6.51 3.86:tO.26 




























液の多量要素濃度は以下のように推定された. N :NH. 
と N03 とを合 わ せて 8~16mM(ただし NH. の割合
が全Nの3/4未満であること)， H2PO.: 2~6mM， K: 
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Summary 
The purpose of this paper is a determination of 
optimum nutrient compositions for the solution cul. 
tures of garlic. 
1. Sand culture tests on .the three major el-
ements. The only N (nitrogen) supply to garlic in. 
creased bulb yields. However. the only P (phos-
phorus) supply or the only K (potassium) supply or 
the supply of both P and K to garlic did not in・
crease bulb yields. The supply of three major el-
ements gave more bulb yields than the only N sup-
ply. 
2. Sand culture tests on complete nutrient 
solutions. Optimum concentrations of macronutrients 
producing maximum bulb yields of garlic， were 
presumed as follows. N: 8~16 mM (a total of NH. 
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and N03; a mole ratio of NH./NOg is below 3)， 
H2PO. : 2~6 mM， K : 1. 5~6 mM， Ca : 1~4 mM， Mg : 
1~3 mM， SO. : 1~3 mM. 
3. Ammonium and nitrate N. 1n sand culture， 
the source of N (NH. or N03) in nutrient solutions 
hardlya妊ectedbulb yields. However， in water cul-
ture， the solution in which NH. and N03 were con-
tained in equal amounts， produced maximum bulb 
yields. The solution containing only NH. as N source， 
inhibited greatly growth of garlic and gave extreme-
ly poor bulb yields. 
4. The nutrient solution prepared with NH.Cl 
as N source produced poor bulb yields in sand cul-
ture. It was presumed that Cl in the nutrient solu. 
tion might inhibit the bulb yields. 
